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Abstract
Heavy-ion collisions at the Large Hadron Collider (LHC) provide an opportunity for an unprecedented
expansion of the study of Quantum Chromodynamics (QCD) in systems with extremely high energy
density. In this report we will discuss and compare the capabilities of the ATLAS and CMS exper-
iments for physics studies using heavy-ion collisions. The ATLAS and CMS detectors have been
designed to perform high precision studies in pp collisions. Both feature precision tracking systems,
hermetic calorimetry over a wide range of pseudorapidity and large acceptance muon spectrometers.
We find that both experiments should perform very well for heavy-ion collisions, especially for study-
ing hard probes of the dense partonic medium such as: heavy quarks and quarkonia with an emphasis
on the
 
and  ; high  jets; photons and  bosons.
1 Introduction
Nucleus-nucleus collisions at the LHC are a unique tool for studying strongly interacting matter under extreme
conditions. Colliding Pb nuclei at   	  TeV, the LHC will provide 27 times higher center-of-mass
energies than presently available in Au+Au collisions at the Relativistic Heavy-Ion Collider (RHIC). The study of
bulk properties of nuclear matter in data collected at RHIC gave rise to the strongly interacting QGP interpretation
of the medium properties. The LHC will dramatically increase the kinematic reach of physics observables to
previously inaccessible regions. Particularly the large cross sections for high mass probes such as very high  
jets, 

bosons, the  , 
 and  mesons and high-mass dileptons due to the high beam energy will provide a new
set of tools to study the strongly interacting matter produced in the collision. The increase in energy also extends
the angular range of studies into the very low Bjorken  region where saturation effects, such as the “Color Glass
Condensate” [1, 2], are expected to dominate the initial state gluon density. The initial state of these probes will
be calculable in pertubative QCD.
The shift of emphasis to these newly available observables at high energy and high luminosity accelerators like
the LHC calls for large acceptance, high rate and high resolution detectors. The ATLAS and CMS detector sys-
tems are designed to perform precision measurements of p+p collisions at luminosities of up to 	 cm  s  ,
corresponding to collision rates of  GHz [3, 4].
The main difference between p+p and Pb+Pb collisions at the LHC is that in the latter case the luminosity will be
several orders of magnitude smaller and so will be the interaction rate. The luminosity for Pb+Pb runs is limited by
the quenching of the beam magnets. At the LHC the nuclear fragmentation cross sections are large and fragments
deposit high enough energy to induce quenching in the beam magnets at luminosities higher than  cm  s  .
However, single central Pb+Pb collisions will produce about an order of magnitude larger multiplicities of soft
particles in the final state than p+p collisions at the LHC design luminosity, resulting in high detector occupancies
as the main challenge in reconstructing physics observables. In the following sections we will compare the com-
ponents of the ATLAS and CMS detector systems and discuss their expected performance in heavy-ion collisions.
Unless otherwise noted the detector performance is evaluated using fully simulated central Pb+Pb collisions with
















Figure 1: ATLAS charged particle tracking performance in
ﬀ$ﬁ%#&'(!#"ﬃ#
Pb+Pb events. Left panel: Algorithmic
reconstruction efficiency and fake rate. Right panel: Transverse momentum resolution.
Two different solutions have been chosen by ATLAS and CMS. The ATLAS tracking system is based on three
different technologies: pixel detectors, silicon strips and a straw-tube tracker with transition radiation detection
capability [5]. The CMS tracking system uses an all-silicon layout consisting of a pixel detector and a silicon-
microstrip tracker [6].
The ATLAS inner detector (ID) is a 110 cm radius, 7 m long tracker, located inside a nominal 2 T magnetic field
provided by a superconducting solenoid. A detailed description of the layout and performance of the ID can be
found in [5]. The pixel detector is close to the beamline and consists of three cylindrical barrel layers, located at
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Figure 2: CMS charged particle tracking performance in ﬀ$ﬁ%#&  !ﬀ"ﬃ# Pb+Pb events. Left panel: Algorithmic
reconstruction efficiency (closed symbols) and fake rate (open symbols). Right panel: Transverse momentum
resolution the central tracker region (closed symbols) and in the forward region (open symbols).
and 65.0 cm. The semiconductor tracker (SCT) occupies the radial region between 25 and 50 cm and consists of
four barrel layers and nine disks in each endcap. Each layer is equipped with two sets of single-sided silicon strip
detectors, glued back-to-back with a stereo angle of 40 mrad.
Altogether the ATLAS ID provides eleven measurements per track in the barrel, three from the pixel and four
times two from the SCT counting a hit in the stereo layers as two measurements. The detector occupancy in central
Pb+Pb events stays below 2% for the pixel layers and below 20% in the innermost layer of the SCT. The straw-tube
tracker is only partially usable in Pb+Pb collisions due to its low granularity and the high detector occupancy.[7].
The CMS Tracker is a 5.5 m long, 1.1 m radius cylindrical detector immersed in a 4 T solenoid magnetic field.
The pixel detector consists of three cylindrical barrel layers, located at radii of 4.4 cm, 7.5 cm and 10.2 cm, and
two pairs of endcap disks, located at ) z ) = 34.5 cm and 46.5 cm.
The Silicon Strip Tracker covers the radial region between 20 and 110 cm. It is divided in four parts. The barrel
region ( ) z )  120 cm) is split into an inner barrel, constituted of four cylindrical layers, and an outer barrel, made
of six layers. The inner barrel is enclosed by three pairs of disks, while the outer barrel is enclosed by nine endcap
disks (120  ) z )  280 cm), each made by seven rings. The first and second layer of the inner and outer barrel, as
well as the first two rings of the inner disks and rings 1, 2 and 5 of the outer disks, are instrumented with two sets
of single-sided detectors glued back-to-back with a stereo angle of 100 mrad. In total, the CMS tracker provides
up to 17 (21) measurements per track in the barrel (endcap), three from the pixels and 14 (18) from the strips, again
counting hits on stereo layers as 2 measurements. In central Pb+Pb collisions the detector occupancy in the pixel
layers is 1-2% while it rises to 50% in the innermost Silicon Strip layer [6, 8].
The charged particle reconstruction performance that can be achieved with these devices is illustrated in Figs. 1 and
2. In heavy-ion collisions, the high granularity of the silicon trackers, in combination with the high magnetic field,
gives an excellent momentum resolution,   ﬁ       (CMS) and  ! (ATLAS) up to very high transverse
momenta [7, 8]. At a charged particle density of about 3000 per unit rapidity tracks can be reconstructed with an
algorithmic efficiency of better than 75% (CMS) and 70% (ATLAS). The larger number of silicon layers of the
CMS tracker offers better protection against random combination of hits forming fake tracks.
3 Calorimeters and Jet Reconstruction
The ATLAS calorimetry consists of an electromagnetic (EM) calorimeter covering the rapidity region )  )  ! " ,
barrel hadronic calorimeter covering )  )  # , hadronic endcap calorimeters covering #   )  )  !	 " , and
forward calorimeters covering !	   )  ) 	  
 . The EM calorimeter is a Lead-Liquid-Argon (LAr) detector with
accordion geometry. In the central region, )  )  "   , the EM calorimeter is segmented in three longitudinal sam-
plings [9]. ATLAS also proposed two zero degree calorimeters (ZDCs) to improve the determination of collision
centrality [7].
To reconstruct high  jets in heavy-ion collisions, ATLAS employs a sliding-window algorithm on calorimeter
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Figure 3: ATLAS jet reconstruction performance using calorimeters for PYTHIA-generated jets embedded in
ﬀ$ﬁ%#&  !ﬀ"ﬃ#
background events. Top panel: Jet reconstruction efficiency and fake jet fraction. Bottom panel:
Jet transverse energy resolution in Pb+Pb collisions compared to p+p.
cells from which the average transverse energy has been subtracted. For each jet found, a cone of size
 
=
0.2 is built around the jet axis and the background is estimated from calorimeter towers in an annular region, 0.2

 
 0.4. This background is subtracted from the jet towers. The jet reconstruction performance achieved
with this algorithm is shown in Fig. 3. The jet reconstruction efficiency is above 80% for jets of 

= 40 GeV and
above 95% for 
 
75 GeV.











. The CMS hadron calorimeter [11] consists









, is achieved by two very forward calorimeters. CMS further includes the CASTOR
calorimeter [12] and two zero degree calorimeters (ZDCs) [13]. The CASTOR detector will extend the acceptance




). The CMS jet reconstruction algorithm for heavy-ion collisions is based
on an iterative cone type jet-finding algorithm modified to include an event-by-event subtraction strategy for low

background [14]. The jet-finding efficiency and purity are shown in the right hand panel of Fig. 4. The jet
reconstruction efficiency is above 60% for jets of
 




Both experiments demonstrate good jet reconstruction capabilities. Jets with energies as low as ﬃ GeV can be
reconstructed with good efficiency and low background using calorimeter-based jet finders.
4 Muon Reconstruction
The CMS muon system [15] covers the region )  )  "   . Muon tracks are tagged by the muon chambers, which
are inserted into the return yoke of the CMS magnet. The momentum assignment is performed by matching the










are required for efficient detection. The excellent momentum resolution of the tracker translates into a

mass
resolution of 90 MeV/   measured in the full pseudorapidity region, as shown in the left-hand panel of Fig. 5.
The ATLAS experiment features a stand-alone muon spectrometer based on separate-function trigger and high-
precision tracking chambers embedded in a system of three large superconducting air-core toroid magnets [16].
It covers the pseudorapidity range of )

)
 2.7 and accepts muons inside the barrel, )

)
 1, above a transverse
momentum of  GeV/  . The mass resolution of the

states achieved in heavy-ion collisions with the ATLAS
muon spectrometer is 159 MeV/   within )

)
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Figure 4: CMS Jet reconstruction performance using calorimeters for PYTHIA-generated jets embedded in
ﬀ$ﬁ%#&'(  # background events. Left panel: Jet reconstruction efficiency and purity. Right panel: Jet transverse
energy resolution in Pb+Pb collisions (closed symbols) compared to p+p (open symbols).
5 Trigger
The ATLAS and CMS Trigger and DAQ systems [3, 4] are designed to cope with the challenging conditions in
pp collisions at the LHC design luminosity of    cm  s  They have to reduce the interaction rate of about 1
GHz, occurring with a bunch-crossing frequency of 40 MHz, to an output rate to mass storage of O(200 Hz). The
emphasis has been put on the selection of high-  events containing leptons, photons, jets and missing or total
transverse energy.
ATLAS will use a three-level trigger system where the first trigger level (LVL1) is implemented in the hardware and
produces region of interest triggers (ROI) for the separate detector components. The second level trigger (LVL2)
processes ROIs from LVL1, providing high rejection power with fast, limited precision algorithms using only
modest computing power in LVL2. The final selection is performed in an Event Filter farm before the events are
transferred to mass storage. The Event Filter employs high precision algorithms using more extensive computing
power. Heavy-ion specific trigger algorithms to be implemented in this trigger architecture are currently under
investigation.
CMS has chosen to meet this challenge with a novel trigger design consisting of only two trigger levels. The first
trigger level (L1) is implemented using custom electronics and inspects events at the full bunch crossing rate. The
L1 selection reduces the event rate by a factor of 400, to 100 kHz. All further online selection is performed in the
High Level Trigger (HLT), using a large cluster of commodity workstations (the ‘filter farm’). The HLT software
environment allows the execution of complex ‘offline’ analysis algorithms on fully-built events with access to data
from all detector sub-systems. This trigger architecture provides full flexibility to implement specialized heavy-ion
trigger algorithms without hardware reconfiguration.
6 Physics performance
In the preceding sections, the reconstruction capabilities of the CMS and ATLAS detectors have been demon-
strated. Given the full functionality of all relevant detector components, the experiments will be well suited for a
wide variety of measurements encompassing many aspects of heavy-ion physics. A selection of examples will be
discussed below.
6.1 Global Observables
Experience at RHIC has demonstrated that global variables, such as the charged-particle multiplicity, transverse
energy, azimuthal anisotropy, and energy of neutral spectators are essential for event categorization in various
analysis and for placing important constraints on fundamental properties of particle production. The large coverage
of the tracking detectors and the nearly full coverage of the calorimeters provides access to all these measurements
with high precision. Particularly, the large acceptance will allow detailed studies of trigger and event selection
biases, reaction plane resolution and non-flow correlations. The resulting event characterization observables will
be available on an event-by-event basis for all other studies, allowing measurements as a function of reaction
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Figure 5: Background-subtracted quarkonia yields in Pb+Pb collisions as a function of the dimuon invariant mass
in the   mass region. Left panel: CMS. Right panel: ATLAS.
plane, as a function of the volume of the collision region, as well as the number of participant nucleons and
nucleon-nucleon collisions.
6.2 Jet Physics
The combination of hermetic calorimetry and high precision charged particle reconstruction allows detailed and
high precision studies of jet quenching phenomena. Observables currently under investigation include spectra
of charged particles out to very high  and jets, including detailed studies of jet fragmentation, jet shapes and
jet  jet,  jet and 	
 jet correlations [17].
6.3 Quarkonia Yields
The study of the properties and yields of quarkonia is an important part of the LHC heavy-ion program. The disso-
ciation of quark-antiquark bound states is a well known signature of quark-gluon plasma (QGP) formation. Lattice
QCD calculations of the heavy-quark potential indicate that color screening dissolves the ground-state charmo-
nium and bottomonium states,  and   , at  ﬀﬁ and ﬂﬃﬁ , respectively, where ﬁ denotes the critical
temperature of the QCD phase transition to the QGP [18, 19]. Quarkonia are measurable through their decays
into muon pairs. The large acceptance of the detectors for dimuons in combination with good mass resolution and
triggering capabilities will ensure a precise measurement of quarkonia production in heavy-ion collisions at the
LHC.
7 Summary
The evaluation of simulated data indicates that the ATLAS and CMS detectors will perform very well in the
high track density environment of heavy-ion collisions. With the special emphasis on high   probes, hermetic
calorimetric coverage, rate capability and triggering, these detectors, designed for precision measurements in high
luminosity p+p collisions, will serve as valuable tools to study strongly interacting matter in heavy-ion collisions
at the LHC.
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